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1 INTRODUCTION

1 INTRODUCTION

Baysian BMD is an online application developed to run Bayesian Benchmark Dose Modelling analyses on sup-
plied data. It allows to estimate the dose that corresponds with the benchmark response of interest. The es-
timated benchmark dose (BMD) is reported along with its lower and upper confidence bounds. When fitting
a set of models, a weighted average of the model-specific BMD estimates can be obtained. The application
uses the R-package BMABMDR to perform data preparation, model fitting, model averaging and plotting. As
such, the performed analyses in the application are run in R.

1.1 Installation

The application is available at https://r4eu.efsa.europa.eu/app/bmdbayesian, provided you have an account.

Alternatively, the application can be run locally by installing the package on your computer.

Prior to the installation, please make sure that the proxy is configured properly to access the internet from
EFSA premises:

library(httr)
set_config(use_proxy(url="tmgproxy", port=8080, username="user",

password="password"))

To run the application locally, all required package dependencies need to be installed. By setting function
argument installDependencies of function runShiny() to TRUE, the application will be launched after
all dependent packages have been installed. If all dependencies have been installed once, the app can be run
via runShiny() without any function arguments.

install.packages("path_to_file/bmaBmdrUI_versionNumber.tar.gz",
repos = NULL, type = "source")

# For example:
# install.packages("/home/wverlinden/git/bmdBayesian/bmaBmdrUI_0.0.10.tar.gz",
# repos = NULL, type = "source")

library(bmaBmdrUI)

# First use
runShiny(installDependencies = TRUE)

# Later use
runShiny()
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1.2 Getting started 1 INTRODUCTION

Figure 1: Start screen for bmaBmdrUI.

1.2 Getting started

The start screen of the online application is shown in Figure 1.

Using the tab pages, one can switch between:

• Data: Load and specify the data to be analyzed.
• FitModels: Fit benchmark dose models using BMABMDR and obtain a summary of the analysis.
• AdvancedPlotting: Provides the user the option to plot and download the prior and posterior distribu-
tion of parameter estimates. When multiple responses or analyses have been performed, the user can
select the plots over different responses and analysis scenario’s by adding a new row of inputs to the
input panel

After the analysis is performed, a Word document with summarized results can be obtained by pushing the
button Download report at the top left of the page.

New issues can be reported by clicking Report new issue after which a window will be opened for the user to
describe the issue via e-mail.

1.3 App functionality

The application is built in a modular way. This can be seen in Figure 1, which shows the starting screen when
running the application. There are 3 different tabpages that make up the application: Data, Fit Models and
Advanced Plotting. We will discuss the different tabs accordingly.
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1.3 App functionality 1 INTRODUCTION

Figure 2: Subsetting data.

1.3.1 Data

In the Data-tab, data can be uploaded and subsetted as desired. Before uploading new data, the user has the
option to specify the format of the data (see Figure 1). If this is not specified, the systemwill try to deduce the
format automatically by determining the extension of the uploaded file. There are 2 ways a subset of the data
can be created: either by filtering on a certain variable or bymanually selecting the observations that are to be
excluded from the analysis. This is illustrated in Figure 2.

Additionally, the user can choose the response(s) and the type of response(s) that need to be considered. Pos-
sible options for response type are:

• Continuous summary
• Continuous individual
• Quantal

Depending on the chosen response type, the user can indicatewhether or not the data is clustered by checking
the checkbox ‘Litter effect’ below the selection of the type of response (see Figure 2). This option has been
provided for types continuous individual and quantal, but is not available for continuous summary.
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Figure 3: Fit models tabpage for continuous individual unclustered data.

1.3.2 FitModels

In the Fit Models tab, further specifications can be made before running the analysis. The tab is divided in
multiple sections:

• Data variables
• Data suitability
• Analysis
• Advanced Settings
• (Dose response effect)

Note that the layout of each section depends on the type of response and whether or not the data is clustered.
The Dose response section is for example only available for clustered quantal data. An example of how the
tabpage looks for continuous indvidual, unclustered data is given in Figure 3.

In each of the sections specific options can be set. Depending on the chosen response type and the clustering
of the data, this includes for section Data Variables choosing:

• The independent variable
• A covariate
• The type of variation statistic
• The variable name of the variation statistic in the data
• The variable name of the sample size in the data

The Data Suitability section is only available for continuous data (either summary or individual). Here, an es-
timate is made regarding the feasibility of performing a BMD analysis. In the subtab General estimation, the
user can see whether BMD analysis would be feasible for all selected responses or not (see Figure 3). The
user is then able to determine the estimate per selected response. When there is data uploaded containing
observations for which the standard deviation is larger than themean for one of the selected responses, there
is an additional warning provided in this section. When this warning is triggered, the checkbox ‘Normal’ of the
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Distribution input in the Analysis section is automatically unchecked.

In the Analysis section the user can set:

• The value for the BMR
• The probability for the BMD credible intervals
• The prior specification
• The distribution (for continuous data)

When an informative prior is selected, prior specification inputs are shown related to background, maximum
fold change, BMD parameter and the prior distribution (Figure 4). For quantal data, these options are limited
to the background, BMD parameter and the prior distribution. When a covariate has been selected, only the
prior distribution option is provided.
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Figure 4: Prior specification inputs in the Analysis section of the Fit Models tab.
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Figure 5: Advanced Settings section in the Fit Models tab.

In the Advanced Settings (Figure 5), the user can set the:

• Sampling methodology
• Option to extend the dose range
• Number of draws from the posterior distribution
• Number of MCMC chains
• Number of MCMC iterations
• Number of MCMC iterations to be discarded as warmup
• Model weights

The user can change the model weights by left clicking the weight of the model that needs to be changed and
typing the desiredweight for thatmodel. When a covariate has been selected, these options are limited to the
sampling methodology, extending the dose range, the number of draws from the posterior distribution and
the model weights.
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Figure 6: Advanced Plotting tab, with example prior and posterior distribution parameter estimate plot.

1.3.3 AdvancedPlotting

This tab is only available after running the analysiswithout selecting a covariate. It provides the user the option
to plot and download the prior and posterior distribution of parameter estimates (Figure 6). When multiple
responses or analyses have beenperformed, the user can select the plots over different responses and analysis
scenarios by adding a new row of inputs to the input panel.

1.4 Report

AWord report of theperformedanalysis canbedownloadedby clicking theDownloadreport-button in the top
left corner of the application. This report contains the inputs used for the analysis, justifications for deviating
from default values and the different outputs.

1.5 Output

After clicking the button Fit Model(s) at the bottom of the Fit Models tab, the user has the option to provide
their email address where a notification will be sent to when the output is ready. The analysis starts after the
Start button is pressed (Figure 7).
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1.5 Output 1 INTRODUCTION

Figure 7: Pop-up window after the Fit Model(s) button has been pressed.

During the analysis, the application internally performs various tests on the data used for analysis. Depending
on the outcome of certain tests, additional sensitivity analyses are performed and shown in the output. The
type and amount of tests that are performed are related to the type of response that is selected by the user
and the indicated clustering of the data. The performed tests for each response type are listed below.

Continuous summary (see Figure 8):

• Check for dose-response effect
• Check for constant variance coefficient of variation (using Bartlett test)
• Goodness of fit (with Bayes factor value)

Continuous individual:

• Shapiro-Wilk normality test
• Check for dose-response effect
• Check for constant variance coefficient of variation (using Bartlett test and Levene’s test)
• Goodness of fit (with Bayes factor value)

Quantal:

• Check for dose-response effect
• Goodness of fit (with Bayes factor value)

When an analysis is run with a covariate, no additional tests are performed. When there is no evidence for
a dose-response effect, the output of the tables and plots are blocked. Flowcharts describing the performed
analyses for response types continuous summary and continuous individual are added in the appendices of this
document (Appendices Figures 17-21). When the analysis is done, the output appears at the bottom of the Fit
Models tab. Depending on the amount of selected responses, there will be multiple panels in the navigation
bar showing the output of each response (see Figure 8). In the dropdownmenu of each response, the outputs
of the additional analyses described above are shown.

The next output is a table containing a summary of the fitted model-averaged model (Figure 9). In this table,
the type of BMD model (Model Averaged), type of sampling (Laplace or Bridge sampling), BMD lower limit,
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Figure 8: Navigation bar displaying the selected response(s) and the performed tests (for response type con-
tinuous summary).
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Figure 9: Table containing summary of the fitted model(s).

BMD upper limit and the mean BMD values can be read. When additional analyses have been performed in
accordance with the tests described above, the fitted models as an output of these analyses are shown in this
table as well. Models that were made using data that violated the implemented tests are shown in red in the
table, while models that don’t have any violations are shown in green.

Figure 10 shows the second table of the output: this table contains the BMDL, BMDU and BMD of each of the
individually fitted models along with the weights used for model-averaging. Both tables can be downloaded
as .csv files via the provided Download button.

Finally, Figures 11-16 show different plots of the fitted models, which can all be downloaded individually via
the Download button.
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Figure 10: Table showing the model weights of the different fitted models.
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Figure 11: Plot showing the BMD on the original scale over the fitted models (including Model Averaged).

Figure 12: Plot showing weights used for averaging for every fitted model.
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Figure 13: Fit of each normal model through the datapoints used for analysis.

Figure 14: Fit of each lognormal model through the datapoints used for analysis.
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Figure 15: Fit of each normal and lognormal model through the datapoints used for analysis.

Figure 16: Fitted BMD response of the Model Averaged model.

16



2 APPENDICES

Figure 17: Flowchart for response type: continuous summary.

Figure 18: Flowchart for response type: continuous individual (scenario 1).
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Figure 19: Flowchart for response type: continuous individual (scenario 2).

Figure 20: Flowchart for response type: continuous individual (scenario 3).
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Figure 21: Flowchart for response type: continuous individual (scenario 4).
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